Background/Aims: The best treatment for an avulsed tooth is immediate replanta-
| INTRODUC TI ON
Avulsion refers to the complete displacement of a tooth from the alveolar socket, and it is one of the most severe forms of dental trauma. 1 It leads to functional, psychological, and esthetic problems, and is characterized by compromised neurovascular supply, loss of periodontal ligament cells, and pulp necrosis. 2 The frequency of tooth avulsion among traumatic injuries comprises approximately 1%-16%
in the permanent dentition and 7%-21% in the primary dentition.
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An effective treatment for an avulsed tooth that is widely accepted is immediate replantation. 4 However, this is not always possible under certain conditions. In those situations, the tooth should be maintained in a suitable medium until replantation. An appropriate storage medium should maintain or improve the viability of the cells during the extra-alveolar period by preventing cell desiccation. 5 The maintenance of periodontal ligament (PDL) cellular viability is essential for longterm retention of replanted teeth.
Various storage media such as Hank's balanced salt solution (HBSS), tap water, milk, coconut water, egg white, propolis, pooled saliva, and
Gatorade have been investigated for their ability to maintain cell viability. The American Association of Endodontists (AAE) recommend HBSS as a storage medium of choice for treatment of avulsed teeth due to its ability to provide long-term preservation of PDL cell viability. 6 However, HBSS is not commonly available where traumatic events usually occur, such as schools, homes, camps, and sports field settings.
The important factors for optimal cell growth and survival are physiologic osmolality and pH along with temperature. 7 It is well known that all cellular reactions are dependent upon the pH of the environment as alterations may influence biological processes. In addition to this, the osmolality of a medium affects the water absorption of the cells. Both the rise and the reduction of osmolality are critical for cell viability. The suitable pH and osmolality for cell growth are around 6.6-7.8 and 230-400 mosmol/kg, respectively.
8
Based on the aforementioned facts, it can be derived that the aim of a large number of studies is to locate an easily effective, accessible, readily available, and economically favorable PDL storage media for the general public. The purpose of this systematic review was to survey studies that report the viability of PDL cells after treatment with different storage media in the in vitro setting.
| MATERIAL S AND ME THODS
The protocol for this systematic review was developed using the PRISMA guidelines. The search strategy was based on the following MeSH keywords:
"Transport media for avulsed teeth," "Storage media for avulsed teeth," "Knocked out teeth," "Tooth avulsion," "Biological transport of avulsed tooth," "Cell survival of avulsed tooth," "Cell viability of avulsed tooth,"
"Tooth replantation," and "Periodontal ligament in avulsed teeth."
The "AND" and "OR" Boolean operators were applied to combine Piloting for the data collection process was conducted before the full search strategy as it was noticed that some articles had very similar methodology, which was not adequate for this systematic review. The inadequate methodology included studies that performed cell viability tests directly on the PDL sample from freshly extracted teeth. To make the analysis uniform and relevant, only studies that applied storage media to cultured human PDL cells were used.
Furthermore, sample size (the number of extracted teeth) was not a relevant parameter in this systematic review because only studies on cultured PDL cells were included. Systematic and literature reviews [10] [11] [12] were excluded from the study after they were analyzed in detail in order to avoid rejecting relevant parent studies during the search strategy.
The data were recorded by reviewers into a specifically designed Since pH is a logarithmic value, it is impossible to calculate a pooled mean as the average pH value (ie, the difference in 1 pH unit is a difference of 10 times). In order to resolve this issue, the true average was calculated based on the concentration of hydroxyl ion defined with the following equation:
where C is the concentration of hydroxyl ion and n is the number of measurements.
Individual risk of bias was assessed using the Office of Health Assessment and Translation (OHAT) risk-of-bias tool. 
| RE SULTS
A total of 5701 articles were identified from 13 separate keywords or combinations. After removing duplicates, 3900 articles remained.
Furthermore, 248 reviews, 231 case reports, 1688 articles without abstracts, 48 French, 35 German, 10 Hungarian, 93 other languages, and 174 animal studies were removed, leaving 1373 studies ( Figure 1 ).
Of these, 1269 were excluded after the review of their titles and abstracts, leaving 104 selected articles. A further 15 studies that were not done on human PDL cells, 53 studies that were not conducted in vitro setting, 19 studies that did not have cell viability percentages, two studies that did not have at least two time points, and two studies that did not have an adequate colorimetric test were also excluded. Two studies were found using a hand search. The final number of included studies was 15, 14-28 and these are presented in Table 1 . A PRISMA flow diagram regarding the study selection can be seen in Figure 1 .
Mean values of pH and osmolality of 16 experimental solutions are depicted in Table 2 . The osmolality and pH of each media were based on the reviewed studies from Table 3 ). The storage times were divided into short (30, 60 minutes, 2 hours) and long (3, 6, 12, 24 hours) incubation times.
As the included studies were in vitro studies, all the parameters for risk assessments of clinical trials could not be applied to them. Thus, the individual risk of bias was assessed using the Office of Health Assessment and Translation (OHAT) risk-of-bias tool, 13 where studies were independently assessed for risk of bias for five parameters (random sequence allocation, experimental conditions, incomplete data,
selective reporting, and blinding of outcome assessor) (Figure 2 ). In terms of random sequence allocation, all studies were marked as low risk of bias due to usage of homogeneous cell suspension during experimentation. Experimental conditions were similar for all analyzed studies except two. Description in terms of blinding was not described in any paper. One study was marked with a high exclusion bias as outcome data were not complete without exclusion from analysis. The risk of selective reporting was low in all analyzed studies (Figure 2 ).
| D ISCUSS I ON
The worst consequence of avulsion is the loss of PDL cell viability, which causes poor long-term prognosis after replantation. The best therapeutic option for avulsed teeth is immediate replantation. In this way, the PDL cells remain viable, which is critical for longevity of replanted teeth. If immediate replantation is not possible, placing the avulsed tooth into storage media could conserve the viability of PDL cells. The challenge in dental traumatology is to find the most suitable storage media for avulsed tooth.
Researchers have used different models to address this issue, such as animal models (dog, monkey, cat, rat, and mouse) 29 When comparing the surviving PDL cell percentages for shortterm storage up to 2 hours, the following media conserved more than 80% of PDL cell viability: HBSS, DMEM, milk, 10% propolis, 20% propolis, and Viaspan. Media that showed poor conservation of PDL cells after 2 hours were tap water (53.4%), saliva (28.6%), and Gatorade (5.4%). Thus, for short-term storage, the most practical choice would be milk because other media that showed excellent PDL cell survival (HBSS, DMEM, propolis, and Viaspan) are not commercially available. Regarding propolis, the solution has to be made, which requires effort and is time-consuming.
Following long-term storage at 24 hours, Viaspan showed the best cell survival at 88.4%, followed by DMEM (70.9%) and 10%
propolis (68.3%). Interestingly, milk and HBSS showed similar PDL survival at 24 hours (57.2% and 57.3%, respectively), and these were lower than Viaspan, DMEM, and 10% propolis.
Even though Viaspan, DMEM, and 10% propolis showed superior PDL survival, these media are not easily accessible to the general public. Therefore, from a practical point of view, milk is the most useful media for long-term storage because it is easily accessible even if it does not show the best PDL survival when compared to media such as Viaspan, DMEM, and 10% propolis. It is important to note that the pH and osmolality of milk are in the ideal range, which is a factor that makes milk one of the best media that is also commercially available. 30 If short-and long-term storage are compared, milk is more adequate during shorter incubation times than longer incubation periods. However, the limitation of these conclusions is that these media have been assessed in a different number of studies ranging from 1 to 11 studies. Thus, the results from this systematic review support the recommendations from the American Association of Endodontists (AAE), which suggest that milk is a suitable solution for avulsed teeth in maintaining PDL cell viability.
31
When combining the data regarding pH and osmolality together with percentages of cell survival at 2 hours (short-term storage) or 24 hours (long-term storage), media that had both pH/osmolality in the ideal range also showed high percentage of PDL cell survival at both short-and long-term storage. Therefore, it is suggested that each potential medium that is planned to be tested for transport suitability should be tested for pH and osmolality first.
This systematic review used stringent criteria to find studies that 
| CON CLUS ION
This systematic review showed that milk is the most suitable medium for short-term storage (up to 2 hours). For long-term incubation, HBSS and Viaspan showed superior PDL cell viability compared to milk. However, milk has an advantage because of its commercial availability.
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